Egg white sulfhydryl oxidase: kinetic mechanism of the catalysis of disulfide bond formation.
The flavin-dependent sulfhydryl oxidase from chicken egg white catalyzes the oxidation of sulfhydryl groups to disulfides with reduction of oxygen to hydrogen peroxide. The oxidase contains FAD and a redox-active cystine bridge and accepts a total of 4 electrons per active site. Dithiothreitol (DTT; the best low molecular weight substrate known) reduces the enzyme disulfide bridge with a limiting rate of 502/s at 4 degrees C, pH 7.5, yielding a thiolate-to-flavin charge-transfer complex. Further reduction to EH4 is limited by the slow internal transfer of reducing equivalents from enzyme dithiol to oxidized flavin (3.3/s). In the oxidative half of catalysis, oxygen rapidly converts EH4 to EH2, but Eox appearance is limited by the slow internal redox equilibration. During overall turnover with DTT, the thiolate-to-flavin charge-transfer complex accumulates with an apparent extinction coefficient of 4.9 mM-1 cm-1 at 560 nm. In contrast, glutathione (GSH) is a much slower reductant of the oxidase to the EH2 level and shows a kcat/Km 100-fold smaller than DTT. Full reduction of EH2 by GSH shows a limiting rate of 3.6/s at 4 degrees C comparable to that seen with DTT. Reduced RNase is an excellent substrate of the enzyme, with kcat/Km per thiol some 1000- and 10-fold better than GSH and DTT, respectively. Enzyme-monitored steady-state turnover shows that RNase is a facile reductant of the oxidase to the EH2 state. This work demonstrates the basic similarity in the mechanism of turnover between all of these three substrates. A physiological role for sulfhydryl oxidase in the formation of disulfide bonds in secreted proteins is discussed.